1. Approximately 300 pelagic fish species naturally aggregate around floating objects (FOBs) at the surface of the oceans. Currently, more than 50% of the world catch of tropical tuna comes from the industrial tuna fisheries around drifting FOBs. Greater understanding of the complex decision-making processes leading to this aggregation pattern and the impact of the massive release of artificial FOBs by fishermen on the spatial distribution and management of tuna is needed.
Introduction 74
In the wild, the spatial distribution of individuals is most often patchy ( 
90
The functionality of aggregates that tropical tunas often form around floating objects 91 (FOBs) were studied at short scales by ethologists while ecologists favour longer and 92 larger scales. For years, it has been reported that tropical tunas (mainly skipjack, 93
Katsuwonus pelamis, yellowfin, Thunnus albacares, and bigeye, T. obesus, tunas) 94 naturally aggregate around objects floating at the surface of the ocean, such as logs, 95
and debris, among others (Uda 1936; Hunter & Mitchell 1967) , but the reasons that 96 tunas associate with FOBs are still unknown. The first hypothesis to explain these 97 fish aggregations came from ecologists, who proposed that tunas were feeding on 98
smaller fish that were associated with the FOBs (Kojima 1956 ; Bard, Stretta & 99 Slepoukha 1985) . Tunas, however, do not seem to generally feed on prey associated 100 with drifting FOBs (Ménard et al. 2000) . Later, ecologists advanced the indicator-log 101 hypothesis (Hall 1992 ): natural FOBs (e.g., logs) could be indicators of productive 102 areas, either because most of them originate in nutrient rich areas, such as river 103 mouths, or because they aggregate in rich frontal zones offshore. In the late 1990s, 104 ethologists suggested that tunas could associate with FOBs for social reasons 105 (Dagorn & Freon 1999; Freon & Dagorn 2000) . Floating objects could act as meeting 106 points where individuals or small schools could gather to form larger schools, 107 providing advantages to their members (Pitcher and Parrish 1993) . 108
A better understanding of this associative behaviour is of increasing 109 importance because this behaviour is intensively exploited by fishermen (largely on 110 tropical tuna purse seine vessels) to facilitate their catch of tropical tunas. Initially, 111 tropical tuna purse seine vessels began fishing for tunas that were aggregated 112 around natural FOBs, such as logs. However, since the 1990s, fishermen have been 113 using man-made floating objects, called fish aggregating devices (FADs), to facilitate 114 the capture of these species. Globally, several thousands of FADs (usually rafts made 115 of bamboo sticks that are equipped with satellite buoys that allow fishermen to 116 relocate them) are regularly deployed by fishermen in the oceans (Moreno et al. system of differential equations, we studied the patterns that were generated by fish 133 interacting with each other while joining and leaving FOBs, as opposed to 134 independent fish. In addition, due to the strong non-linearity of the model, we also 135 
The model 146
The model consists of a system of p+1 interconnected populations: x i is the fraction 147 of the total population (N) around the FOB i, one of the p FOBs, and xe is the fraction 148 of the total population (N) outside the FOBs (Fig. 1) 
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In biological terms, we assume that the social interaction is proportional to the 172 population size. The influence of a large number of individuals with a small β is 173 equivalent to the influence of a small population with a large β. Consequently, the With two FOBs (p=2), the model has two families of stationary states (Figure 3a,b) . 241
The first family corresponds to an equal but small number of individuals around both 242
FOBs (x 1 =x 2 ). The solutions for the second family are asymmetrical states with 243 unequal numbers of individuals on each site (x 1 >x 2 or x 1 <x 2 ) (Figure 3a,b) . This 244 result implies that one of the sites (FOB) is selected by the majority of the 245
population. 246
The detailed analysis of the solutions indicates that the symmetrical solution (equal 247 distribution of fish under the 2 FOBs) is stable for b<2, for 2<b<6 and g>4b-8, and 248 for for b>6 and g>(1+0.5b) 0.5 (Figure 3g,h) . 249
In contrast, the system exhibits an asymmetric stable steady state (x 1 >x 2 or x 1 <x 2 ) 250 when b>2 and g< 4b-8. In such a scenario, the selection of one FOB occurs through 251 amplification (Figure 3c,d) . (Figure 3a) , the bistability solution for p=10 (Figure 4a The dynamics and distribution of tunas within an array of FOBs can be studied using 310 the theoretical ambit of metapopulation analyses and the spatial distribution of 311 populations in multi-patch environments (Gotelli & Kelley 1993) . In this study, we 312 examined how aggregation dynamics are affected by the size of the fish population, 313 the level of sociality between individuals, the total number of aggregation sites 314 available (i.e., FOBs) and the natural retentive/attractive forces of FOBs on single 315 individuals. We demonstrate that, depending on the values of these parameters, we 316 could firstly predict that within a homogeneous oceanic region, the fraction of the 317 population associated to FOBs can strongly varied and secondly, that the different 318
FOBs will be equivalently occupied or that only one of them will be selected. 319
Moreover, for some particular values of the parameters, the history of the system 320 could lead to either of these two solutions (bistability). higher the inter-attraction between fish, the lower is the probability that a fish will 353 leave it and/and the greater the probability that a fish will join it. Nonetheless, for 354 high numbers of FOBs (Figure 4a proportion of the population is associated with FOBs. This pattern is due to the low 372 probability of having enough individuals together around a FOB at the same time, 373 which is required to initiate the amplification process that will lead to the selection of 374 only one FOB. 375
In summary, it is noteworthy that for social species, the largest total number 376 species is directly linked to the total number of FOBs, and any limit on the number of 422 sets (e.g., to limit bycatch) would then result in a limit on the total catch. For social 423 species, however, increasing the number of FOBs does not necessarily lead to an 424 increase in the total catch, a result that is not intuitive for many people, including 425 fishermen. Our model shows that, for some particular values of the parameters, 426 deploying a greater number of FADs in the water does not necessarily help fishermen 427 catch more tuna, all other parameters being constant. However, it does increase the 428 number of fishing sets, which certainly increases the bycatch (Dagorn et al. 2012a ). 
